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FOR SUSTAINABLE AGRICULTURE 
L E O P O L D C E N T E R 
Enhancement of agricultural weed control by 
manipulation of the light environment 
Abstract: Studies suggest that emergence of weed seedlings can be diminished by decreasing the Principal Investigator 
exposure of seeds to light during tillage. Field studies conducted near Ames, Iowa, tested the effect of Thomas W. Jurik 
excluding light during tillage on emergence of common weed species of central Iowa. Plots were tilled Botany 
either during the day, during the day with implements covered, at night, or at night with implements covered, Iowa State University 
and subsequent seed emergence was monitored. The effect of brief exposure to light on germination of 
weed seeds under controlled laboratory conditions was also studied. 
Budget: 
$20,000 for year one 
$20,000 for year two 
Background Objectives of this study were: 
• to determine the overall effect of exclud-
Weed control by use of herbicides is a con- ing light during tillage on seed germina­
tributing factor to Iowa’s environmental prob- tion and seedling emergence of weed spe­
lems. Improved methods of weed manage- cies in field plots,
 

ment that reduce environmental contamina- • to ascertain the specific germination re­
 

tion by herbicides in a production system that sponse of a variety of weed species to
 

minimizes soil erosion is highly desirable. brief, very low-fluence exposure to light
 

under more controlled conditions, 
Seed germination is a logical place to start in • to assess the potential problems and over-
the control of annual weeds. The store of all utility of light exclusion techniques as 
weed seeds in the soil is known as the “seed a form of weed control in Iowa agricul­
bank.” Tillage of agricultural fields often ture. 
seems to stimulate weed seed germination. It 
is not certain what factors (or combination of Approach and methods
factors) encourage germination, but exposure 
to light would seem to play a role in sparking 
the process. Field experiments. Field experiments were 
conducted at ISU’s Curtiss Farm in Ames in 
Two investigators found that weed cover 1996 and 1997. Soybeans planted in 24 plots 
dropped from 80 percent to 20 percent in a received one of four experimental treatments: 
German study when all tillage operations
 

were conducted at night. While there are 1) Tillage during the day (Day-exposed)
 

other differences in environmental factors 2) Tillage during the day with implements
 

such as air and soil temperature, humidity, shielded to exclude light (Day-covered)
 

etc., between day and night, the most drastic 3) Tillage at night (Night-exposed)
 

difference is in the amount of light present. 4) Tillage at night with implements shielded
 

Similar experiments in Oregon found reduc- to exclude light (Night-covered)
 

tions of 40 to 70 percent in weed seedling
 

emergence when tillage operations occurred For the covered treatments, the cultivator was 
 
at night or under shielded implements. Other covered with two layers of heavy black canvas 
 
researchers found varied responses among attached to a wooden frame bolted to the 
 
species; small-seeded species were more likely cultivator. The cloth was long enough that at 
to show a drop in emergence than large- least 30 cm dragged on the soil surface around 
seeded species. the edge of the cultivator, thus largely prevent-
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ing reflection of light into the covered area. No 
lights were used at night. Tractor operators 
wore night-vision goggles that enhanced am­
bient infrared light and allowed operation of 
equipment without lights. 
A very wet spring in 1996 led to delays in 
establishment of the treatments, by which time 
many early germinating weeds had sprouted. 
Fields were sprayed prior to application of 
treatments to remove these weeds. Eight or 
nine sample quadrants in the interrow areas of 
each plot were studied. Weed seedlings were 
identified, counted, and removed until late 
summer when no more seedlings emerged. 
Weeds present were primarily foxtail species 
(grasses) and velvetleaf, waterhemp, and 
lambsquarters (broad leaf species). Smart­
weed germinated before treatments were ap­
plied, but was destroyed by site preparation. 
However, it was used in the laboratory studies. 
Overall weed abundance, as measured by per­
centage of ground covered by each weed spe­
cies, was estimated for each interrow in each 
plot in July 1996. In September 1996, the 
percentage of foxtail cover was estimated. 
Cumulative numbers of seedlings emerging 
and late season abundance were compared 
among treatments using the General Linear 
Models procedure of SAS. No statistical com­
parisons of soil moisture and temperature 
among light exposure treatments were pos­
sible, since samples were taken from only one 
block. 
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One major effect on seedling emergence was treatments were applied in mid-April or May. 
whether interrow soil had been compressed by Seeds were spread on a tray and one of four 
the tractor tires during cultivation and plant­ treatments applied. Treatments were expo­
ing. Therefore, data were also analyzed by sure to light for 0 (no light), 2, 10, or 30 
comparison of wheel-tracked interrows to seconds. Seeds and soil were then repacked 
untracked interrows over all light exposure into pots and maintained in a greenhouse, 
treatments. where germination was monitored. 
Laboratory seed germination studies. Seeds 
from natural populations of lambsquarters, Results 
smartweed, velvetleaf, waterhemp, and Venice 
mallow were collected, dried, and cleaned Field studies. In 1996, the rate of seed emer­
before being placed in growth chambers in the gence was low for all species for two to three 
ISU Seed Science Center. Seeds were ex­ weeks after tillage. Seedling emergence con­
posed to different temperatures and different cluded by early August. There were no consis­
light regimes. Germinated seeds were counted tent differences in patterns of emergence over 
and cumulative percent germination was com­ time among light exposure treatments. Cumu­
pared between light/dark and dark treatments. lative total number of seedlings produced was 
higher for foxtail and waterhemp in all four 
Outdoor/greenhouse seed germination stud- exposure treatments, while velvetleaf was con­
ies.  To emulate more closely the patterns of sistently less abundant. 
exposure to weather and light experienced by 
seeds in the field, tests of seed germination Rates of weed emergence were higher in 1997 
were conducted with seeds in pots and stored than in 1996. Emergence occurred earlier in 
outside over the winter before light exposure the season, perhaps reflecting earlier tillage 
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Table 3. 
dates and different weather conditions. Again, 
there were no consistent differences in pat­
terns of emergence among treatments for all 
species. The total number of seedlings was 
much higher in 1997, primarily because of the 
greater abundance of foxtail and waterhemp. 
By late July 1996, weeds surviving past the 
seedling state covered nearly a quarter of the 
interrow ground, with foxtail being the pri­
mary weed present. In 1997, there were more 
seedlings, arriving earlier, resulting in almost 
100 percent weed cover in all treatments by 
midsummer. Weed cover in all treatments was 
unacceptably high for growing crops. 
In contrast to the general lack of differences 
among light treatments, additional analysis of 
weed seedling emergence data in terms of 
tracked and untracked treatments revealed a 
striking effect of tractor tire traffic. The cumu­
lative number of seedlings emerging (particu­
larly for smaller-seeded species) was higher 
for tracked interrows than untracked interrows. 
Weed abundance evaluations in July and Sep­
tember all showed tracked interrows with much 
greater weed concentrations than untracked 
rows, except for lambsquarters. 
Laboratory seed germination studies.  Tests of 
weed seed germination in controlled environ­
ment chambers revealed variable responses to 
various environmental factors, with some spe­
cies having germination stimulated by expo­
sure to light while others were unresponsive. 
Outdoor/greenhouse seed germination stud-
ies.  Germination of seeds overwintered out­
side and then exposed briefly to different peri­
ods of sunlight in late April 1997 differed by 
species. Sunlight significantly increased ger­
mination of waterhemp and lambsquarters 
compared to dark treatments; smartweed’s 
response to sunlight was more variable, but the 
dark treatment had the lowest weed germina­
tion rate. 
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Discussion 
Tests of germination in controlled environ­
mental chambers and in the greenhouse ex­
periments indicated substantial variations in 
the response of different species to environ­
mental conditions, not an unexpected result. 
The findings corresponded with patterns that 
are often observed in the field. Velvetleaf may 
germinate from relatively large depths in the 
soil, so a lack of response to light seems 
consistent with its other germination charac­
teristics. 
Waterhemp and lambsquarters showed fairly 
strong response to light in germination tests. 
These small-seeded species likely cannot 
emerge from more than one to two centimeters 
of soil depth. Given that exposure to light may 
indicate proximity to soil surface, a germina­
tion response would see seem appropriate. 
Yet field experiments showed no consistent 
effect of exposure to light. 
One reason for lack of response here, even for 
species that have elsewhere been shown to 
have a response, could be that treatments were 
not truly effective in excluding light. How­
ever, this seems unlikely given that one method 
was night tillage with the cultivator covered. 
Other possible causes for the general lack of 
variation among treatments include changes 
of responsiveness of the seed bank over time or 
swamping of potential germination responses 
to light by germination responses to other 
factors such as soil disturbance, moisture, or 
temperature. It is not possible to make reliable 
recommendations for weed management based 
on tillage in light and dark at this time. 
An unexpected but very interesting sidelight 
to this field study was the increased weed 
emergence for interrows tracked by tractor 
tires. This may have been due to the compac­
tion of the soil by the weight of the tractor. 
Smaller seeded species were more affected by 
the tracking than velvetleaf and larger seeded 
species. Implements that counteract the tire 
compaction could potentially decrease weed 
emergence in the interrows. 
Table 4. 
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Conclusions 
Tillage with differing degrees of exposure to 
light may have an effect on germination in 
some species, but for Iowa’s common weeds, 
the effect is small and varies with species and 
years. Although germination tests indicate 
that different species have different sensitivi­
For more information, ties to light as a promoter of germination, such 
contact Thomas W. sensitivity may be overridden under field con­
Jurik, Botany, Iowa ditions by responses to other environmental
State University, 50011; 
(515) 294-5617; factors or innate changes in seed responses to 
jurik@iastate.edu. the environment. 
Impacts of results 
The results are not likely to have a large impact 
on weed management primarily because of the 
inconsistency, both among and within species, 
of the response of seed germination to light. 
Until the interactions of response to light with 
other factors such as temperature, moisture, 
tillage, etc., are better understood, control of 
exposure to light during tillage does not seem 
to be a reliable management tool that could be 
integrated into a weed management program. 
Education and outreach 
The results have not yet been disseminated at 
any education or outreach events, since the 
second field session was just completed. 
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